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I A cannorition and methods of enhancing me analgesic potency of morphine and other clinically used bnoxMy-acting opioid 
^^^'-^"e^ano^ato addict comprising the co-administration of a birnodally-acting opioid agonist which activates 
ESSi ?£3£Sl£iZtt ESS oTnelrons ^nociceptive (pain) pathways of the nervous system and an excitatory opioid 

receptor antagonist which selectively inactivates excitatory opioid agonists. 
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ei-ai-pment of """ QrnfflPnf interest 

This invention was made with government support under 

- member DA 02031. As such, the government 
NIDA research grant number da 

has certain rights in the invention. 

ntaneg-.Ti'RFEREWC' ™ "PKTATED APPLICATIONS 
This. Application is a Continuation-In-Part of 
Application serial No. 07/947.690 filed September 19, 1992, 
entitled A METHOD OF IDENTIFICATION OF NON— ADDICTIVE OPIOID 
ANALGESICS AND THE USE OF SAID ANALGESICS FOR TREATMENT OF 
OPIOID ADDICTION. 

VTKT.Ti OF TtrR INVENTION 

This invention relates to a method of enhancing the 
analgesic (inhibitory) effects of bimodally-.ctin, opioid 
agonists, including morphine and other clinically used opioid 
analgesics, while at the same time attenuating anti-analgesxc 
effects. Physical dependence, tolerance, hyperescitability. 
hyperalgesia, and other undesirable (excitatory) side-effects 
typically caused by chronic use of bimodally-acting opioid 
agonists. As used herein, the term "opioid" refers to 
compounds which bind to specific opioid receptors and have 
agonist (activation) or antagonist (inactivation) effects at 
these receptors, such as opioid aUaloids. including the 
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morphine and the antagonist naloxone, and opioid 
agonist morpmne 

.L^ including «"P"'"» " a 

v. term "opiate" refers to drug, derived from opium or 
herein, the term opiate 

related analogs. 

In the instant invention, a selective excitatory 

opl oid receptor antagonist is coined wit. a reduced dose : a 
hLdally-acting opioid agonist so as « .Ii.it the de.ir 
dU o* ana^esi. .inhibitory - *™" 

Hired side-effects <e*cit.tory effects, . 
result, from activation <by opioid agists, of 
opioid receptor, on neurons in the . nociceptive (pain, pathways 
of the peripheral and central nervous systems. The undesirable 
.id.-eff.cte. including anti-analgesic actions, the development 
of physical dependence. some types of tolerance 
nyp.rexcitability and hyperalgesia, result frc sustained 
activation (by bimodally-.ctin, opioid agonists, of excitatory 
opioid receptor, on neurons in the nociceptive <pain, pathways 
of the peripheral and central nervou. systems. The 
administration of selective excitatory receptor antagonists 
together with bimodally-acting opioid agonists enhances 
analgesic effects caused hy said opioids and attenuates the 
development of physical dependence, tolerance and other 
undesirable side-effects which are also caused by said 
opioids. m addition, combined use of the opioid receptor 
antagonists and agonist, of the invention can be u.ed for more 
effective detoxification and treatment of opiate addicts. 
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B & PKGROUND ™* INVENTION 
Morphine or other bimodally-acting -opioid agonists are 
administered to relieve severe pain due to the fact that they 
h ave analgesic effects mediated by their activation of 
inhibitory opioid receptors on nociceptive neurons (see North, 
Meurosci., Vol. ».,»- 114-117 (1986) and Grain and 

Shen, Tr— • ^" Vo1 ' »' *™ " <» 90>)V 

However, bimodally-acting opioid agonists also activate opioid 
excitatory receptors on nociceptive neurons, which attenuates 
the analgesic potency of said opioids and results in the 
development of physical dependence thereon and increased 
tolerance thereto (see Shen and Grain, Brain_Jles^ Vol. 597, 
pp -74-83 (1992)), as well as hereditability, hyperalgesia 
and other undesirable (excitatory) side-effects. As a result, 
. a long-standing need has existed to develop a method of both 
enhancing the analgesic (inhibitory) effects of 
bimodally-acting opioid agonists and limiting the undesirable 
(excitatory) side-effects caused by such opioid agonists. 

The parent Patent Application for the instant 
invention. Serial No. 07/947,690, relates to a specif ic . group 
" of opioid agonists for use as low/non-addictive analgesics and 
for the treatment of opioid addiction. In the parent 
Application, it is stated that this group of opioid agonists 
(which includes etorphine and dihydroetorphine) bind to and 
activate inhibitory but not excitatory opioid receptors, (In 
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contrast, morphine - other opioid alkaloids an. peptides 

^ elicit bimodal effects by binding to and.. activating both 
excitatory and inhibitory opioid receptors.) 

To date, no method has been discovered or developed 
5 whereby tvo opioid compounds are administered, one of which 
binds to and activates, inhibitory opioid receptors to cause 
analgesia and the other of which binds to and .inactivates 
excitatory opioid receptors so as to attenuate undesirable 
side-effects caused by the administration of bimodally-acting 
L0 opioid agonists while simultaneously enhancing the analgesic 
effects of said bimodally-acting opioid agonists. 

It is therefore an object of this invention to provide 
a me thod of enhancing the analgesic potency of morphine and 
other • bimodally-acting opioid agonists by blocking thear 

15 anti-analgesic side^ef f ects . 

It is a further object of this invention to provide a 
method of attenuating physical dependence. tolerance, 
hyperexcitability, hyperalgesia and other undesirable 
side-effects caused by the chronic administration of 
20 bimodally-acting opioid agonists. 

It is another object of this invention to provide a 

method for detoxifying and treating opiate addicts utilizing 
excitatory opioid receptor antagonists. 

It is yet another object of this invention to provide 
composition which enhances the analgesic effects of 
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while simultaneously 

It is Still a tUiW , 
v * 4- useful for detoxification and 
provide a composition which is useful 

treatment of opiate addicts. 

rTrw ^v ftf TH* TUVEMTION 

.4. directed to a method of selectively 
This invention is directed -co v , nT , al 
. •potency of morphine and other conventional 
enhancing the potency siimlltaneously attenuating 

himodally-acting opioid agonists and ^ caused 

• mo side-effects, including physical dependence, 
undesirable side-effecr agoni sts. 
k «h. chronic administration of said opioi 
Y d other bimodally-acting (inhibitory/excitatory) 

Morphine and other bim y innibitory and excitatory 

opioid agonists bind to and activate 

ioid receptors on nociceptive neurons mediating 
opioid recepzo _ agonists causes 

^ivation of inhibitory receptors by said ago 

activation of excitatory receptors by said agonists 

Effects, aevelopment of physical 

> Z^r^. byperexcitability, 

^4... The co-administration of an 

opioi* ant.ao.uet « ■ o£ 

opioid receptors results in the d 

li— ioesic si.e-e«eots o £ s.i* opioid « 
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hereby resulting in enhance* analgesic potency which 
neurons, thereoy r „ nrDh .ine or other 

pewits the use of lower coses of motphme 

conventional opioid analgesics. 

. ^ excitatory opioid receptor antagonists of 
»■ „ include etorphine. dihydroetorphine. diprenorphine 
invention include P . ^ oploid peptides . The 

and similarly acting opioid altalolds an P 

of the invention include morphine or other 
opioid agonists of the or 
bimodally-.cting (inhibitory/excitatory) opi 

are in clinical use as analgesics, 
opioid peptides that are 

including codeine, fentanyl analogs and endorphins. 

„ addition, cognations of an excitatory, opioid 

«™ni.t and morphine or another conventional 
receptor antagonist ano r ..-„,.■ 

. ,„ m alaesic can be used to detoxify and 
himodally-acting opioid analgesic can 

treat opiate addicts. 

above brief description, a. well as further 
obj ects and features of the present invention. • will be more 
t u Uy understood by reference to the following detailed 
. aeeclption of the presently preferred, albeit illuetr. tive 
embodiments of the" present "invention when ta*en in conjunction 
with the accompanying drawings wherein. • 

Pigure X represents the direct inhibitory effect of 
etorphine on the action potential duration <»> of sensory 
ueutons and the blowing effect of etorphine on the excitatory 
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response «* prolongation) elicited by morphine. 
Jucation.of low (pM-nM) concentrations of etorphine to na™ 
alal root ganglion (W> neurons .li.lt. 
naioxone-reversible inhibitory shortening of the APD. I. 
5 contrast, morphine and other bimodaUy-acting opioid agonists 
elicit excitatory M» prolongation at these low concentrate 
*i* can be selectively blocked by <P« i-el. or 

Figure 2 represents dose-response curves of deferent 
opioids, showing that etorphine and dihydroetorphin. elicit 
10 only inhibitory doee-dep^dent shortening of the »> of 

neurons at all concentrations tested (0*0. * contrast. 
d ynorpbin * (as well as morphine and other bimodally-acting 
opioid.) elicits dose-dep-ndent excitatory »PD prolongate at 
lw concentration. <f»-nK) and retires na.cn higher 
15 concentrations (about o.i-1 v» « .horten the U.. thereby 
resulting in a bell-shaped dose-re.ponse curve; 

Figure 3 is comprised of Figure 3A and 3B. and 
represents the selective Moexing of excitatory ^prolonging 
effects elicited by morphine in »> neurons by 
2 . co-administration of a low (p», concentration of diprenorphine . 
hereby uomasaing potent dose-dependent inhibitory »» 
shortening by low concentrations of morphine; 

Figure 4 represent, the blocking of supersensitive 
excitatory aPD-prolonging effect of DES neuron, after chronic 
25 uorphine expo.ure by the excitatory opioid receptor antagonist, 
etorphine. After chronic exposure to morphine or other 
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. ORG neurons become supersensitive to 

biraodally-acting opioids, DRG neuron 

the excitatory APD prolonging effects of these- opioids, whereas 
etorphine becomes even .ore effective in eliciting inhibitory 
shortening of the APD of the same DRG neurons when tested an 
the presence of the chronic opioid. The apparent enhancement 
in inhibitory potency of etorphine on chronic morphine-treated 
neurons is due to the unmasking of inhibitory APD shortening 
effects of morphine following etorphine-ant agonist action at 

excitatory opioid receptors; 

Figure 5 represents the blocking effect of etorphine 
on naloxone-precipitated excitatory APD prolongation of DRG 
neurons after chronic exposure to morphine or other 
bimodally-acting opioids. Acute application of low 
concentrations of etorphine can dose-dependent ly block the 
excitatory APD-prolonging effects of naloxone on these 
supersensitive DRG neurons; and 

Figure 6 represents the ability of etorphine to elicit 
sustained inhibitory effects without causing supersensitivity 
and tolerance in DRG neurons after chronic treatment. Chronic 
exposure of etorphine (nM) to DRG neurons did not elicit 
supersensitive excitatory responses (APD prolongation) to low 
test concentrations of dynorphin a" (1-13) and naloxone nor ' did 
these cells develop tolerance to the inhibitory effects of 
etorphine or other opioid agonists. 



25 
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gnr^n ASCRIPTION OF THE INVENTION 

• e direct ed to a method--of selectively 
This invention is directea to a 

. bi-odaiiy-actin, opioid agonist and 
, attenuating uodesirabie side-effects — * *. -onic 
ministration of said bi-daUy-acting opioid agones. » 
U performed by simuitaneousiy «— °> 
t ec^tor^iat.d functions of neurons in the nociceptive 
< P ai„, .pathway, and activate inhibitory opioid receptor- 
. ^functions - -cep^e neurons. A bimodally-acting 
opioid agonist -and an excitatory opioid receptor antagonist are 
co-.d»inist.red. The bi.aod.Uy-»=ting opioid agonist binds to 
^ibitory receptors on nociceptive neuron, ao as to act. « 
i.hibitory opioid receptor-mediated .unctions. inc u 
„ anaigeeia. and concouitantiy activates excitatory op.o d 
rectors on nociceptive neurons. The excitatory op.o 
receptor antagonist binds to excitatory receptors on sa.d 
neurons and hereby inactivates excitatory op-d 
receptor-mediated functions, including anti-anaigesic effects. 
2 o pnysicai dependence and toierance to the opioid agonist, 
byperexcitabiUty and byperaigesia. ' Xn addition. this 
mention is directed to tne use -of said excitatory opioid 
t eceptor antagonists and opioid agonists to detoxify and treat 
opiate addicts. Further, tbis invention is directed to a 
25 composition comprising an excitatory opioid receptor ant.gomst 
and a bimodally-acting . opioid agonist. 
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„, inventors have discovered that certain compounds 
act as excitatory opioid receptor ■ antagonists., that is, they 
Mnd to and inactivate -excitatory opioid receptors on neurone 
in 'the pain pathways. The excitatory opioid receptor, 
antagonists of the invention are preferaMy selected fro. the 
, roup consisting or etorphine. dihydroetorphine and 
diprenorphine. The opioid receptor antagonists or th. 
invention inactivate mu. deita. lappa end other subtypes o, 
excitatory opioid receptors. They may have varying structures, 
ror example, etorphine and dihydroetorphine have very similar 
chemical structures and are considered to he potent analgesics 
wfcich selectively activate inhibitory but not excitatory opioid 
receptors (see Shen and Grain, pe^.tory Peptides , in press 
U993». in contrast, diprenorphine has a somewhat different 
chemical structure than etorphine and dihydroetorphine and has 
been previously considered to act a. a universal opioxd 
receptor antagonist by inactivating all types of inhibitory and 
excitatory opioid receptors (see shen and Grain. Brain.Ees,. 
vol.491, pp. 227-2*2 (1989)). Nevertheless. these three 
compounds are .11 capable of selectively binding to and 
inactivating excitatory opioid receptors on nociceptive neurons 
when administered at low concentrations. 

The bimodally-acting opioid agonists of this invention 
preferably include morphine. codeine, fentanyl analogs, 
endorphins, and other opioid alkaloids and opioid peptides. 
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* 4-vio invention are mu, delta , 
^icaliy. the opioid agones of the o£ 
*app. or epsilon opioid receptor agonists . . and-rare op . 

sl. « — — ~- - neuiro v n "d Ea i: 

pathway v^en these bimodaiiy-acting agonists. b»» 

. thereby activate inhibitory 

inhibitory opioid receptors, they thereby 

opioid receptor-aediated rations, inciudin, anaige.ia. 

hB discussed beiow. the inventors have discovered that 
certain compound, (the excitatory opioid receptor antagonists 
the invention,, when co-administered with bis»daHy-act>n, 
opioid agonists, are c.pabie at very iow dosages ;t enhance 
«. .naigesic effects of the binodaliy-actin, op^d agonists 
« xeast i-x.00 foid by inactivating excitatory anti-ana gesic 

•a aa onists In addition, the excitatory 
side-effects of said agonists. m 

opioid receptor antagonists of the invention inactivate other 
excitatory receptor-ediated functions, and thereby reduce *e 
undesirabie .ide-.ff.cts caused by said opioid agones, 
inciuding development of physicai dependence, toierance to the 
opioid agonists. hyperexcitebiUty and hyper.ige.ia In 
^ition. the «citatcry opioid receptor antagonists of the 
invention mf be ministered to detoxify and treat op.ate 

addicts. . _ . 

ordinariiy. bimodally-acting opioid agomsts are 

Ministered clinicaUy in piU for* and are administered >n 
dosages. By co-administering bimodaUy-actin, op.o.d 
, agonists with the excitatory opioid receptor antagonists of 
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invention, it is possible^ achieve an analgesic effect with 
XO-1000 times lover doses of the blpodrt*- acting opioid 
agonist than when said opioid agonist -is administered alone. 
This is because the excitatory opioid receptor antagonists of 
, the invention enhance the analgesic effects of the 
bimodally-acting opioid ..agonists by attenuating the 
anti-analgesic excitatory side-effects of said opioid 
agonists. Hence, bimodally-acting opioid agonists which are 
administered with the excitatory opioid receptor antagonists of 
q the invention are administered in an amount 10-1000 times less 
than the amount of that bimodally-acting opioid agonist which 
has typically been administered for analgesia. 

According to the present invention, the dose of 
excitatory opioid receptor antagonist to be administered is 
,5 10-1000 times less than the dose of bimodally-acting opioid 
agonist to be administered, for example, < 1 microgram of said 
antagonist together with 10-100 micrograms of said agonist. 
These estimates of dosages are based on studies of neurons in 
culture. The excitatory opioid receptor antagonists, as well 
20 as the opioid agonists, can be administered sublingual ly, 
intramuscularly, subcutaneous ly or intraveneously . 

The co-administration of the opioid agonists ' and 
excitatory opioid receptor antagonists of the invention 
simultaneously activates inhibitory functions of nociceptive 
25 neurons in the pain pathway and inactivates excitatory 
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functions of the same or other nociceptive neurons. In order 
to demonstrate this, electrophysiologic studio on the effects 
of opioids on mouse sensory dorsal root ganglion neurons in 
tissue cultures were performed. It is shown below that this 
5 bimodal modulation is mediated by activating putative 
excitatory opioid receptors in addition to previously 
characterized inhibitory opioid receptors on sensory neurons. 

It is shown that at low pM-nM concentrations, nearly 
all opioids, including morphine, enkephalins, dynorphins, 
10 endorphins and specific mu, delta and kappa opioid agonists, 
elicit naloxone-reversible dose-dependent excitatory effects 
manifested by prolongation of the calcium-dependent component 
of the action potential duration (APD) of dorsal root ganglia 
(DRG) neurons. In contrast, the same opioids generally elicit 
15 inhibitory APD shortening effects when applied at higher 

concentrations (0.1-1 uM) . 

The excitatory opioid effects on sensory neurons have 
been shown to be mediated by opioid receptors that are coupled 
via a cholera-toxin-sensitive stimulatory GTP-binding protein, 
20 gs, to adenylate cyclase/cyclic AMP/protein kinase A-dependent 
ionic conductances that prolong the APD (resembling, for 
example, beta-adrenergic receptors). (See Crain and Shen, 
Pharmacol. Sci . , Vol. 11, PP- 77-81 (1990)). On the 
other hand, inhibitory opioid effects are mediated by opioid 
25 receptors that are coupled via pertussis toxin-sensitive 
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fin.- Gi to the adenylate cyclase/cyclic AMP 
inhibitory 6 proteins. Gi « 

sys « m and Oo to ionic conductances that shorten the »D 
eliin. *. — • alpha 2 -adrenergi= receptors, 

Lrtening hy opioid - - — — - «™ 
sensory neurons -as generally he.n ordered to he a us u 
^el o £ their inhihition o £ calcium influx - 
r eXeese at presynaptic terminaXs in the dorse! spxnaX c r. 

« for oDioid-induced analgesia in vivo. (see 
accounts for opioid ^ ^ 

Kort n. srendsjearpsc^. Vo!. PP- 

^ shen. ffrii Ph»™,coX. sex.. Vol. u. PP- ' 

SimiXarXy. the deXayed repoXaris.tion associate, «th th 

observed opio id-induced proXongation . =f action pctent.aX h. 

_ interpreted as evince o. excitatory effects c £ op „ * 

on sen.ory,neurons that may resuXt in enhance. cel-urn -fXux 

^ «ensmitter r.Xeese at presynaptic ter»inaXs. - - 

sccount for see types o £ hyperaXgesie ana hyperexotato^ 

, tIt ee elicited hy opioid. * yive. Crain and Shen. Trends. 

E6sSE5S2i _ §sii . vol. xa. PP. tt-i (»..) and Shen 

Brain Res.. Vol. e»l. PP- < 1989) - . 

" atonic treatment c £ IM neurons with typrc.l 

himodaixy-actin, (excitatory/inhibitory) opioids (e.g.. X uM 
D -ala 2 -D-leu 5 enkephalin (DADLE) or morphine £ or 1 wee.) 
results in toierance to the usual inhibitory ^-shortening 
effects o £ high concentrations o £ these opioids and 
supersensitivity to the excitatory »D-proXonging e ££ ects o £ 
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. . as well as the opioid antagonist, 
th ese opioid agonists, as i3 _ 24 

< see Crain and Shen, Br Jl in_Res^ -Vol.- 575, PP 
naloxone (see Cram an 74 _ g3 

Crain. Bfain Res. » Vol. 5^' PP 

(19 92) and Shen and Crain, g . 

T1- has been suggested that the 
U992)) ' , and related biochemical adaptations 

g£ai£L Kes i , vol. S97, pp. «-» 

L contrast to bi»odaUy-actin, o pl oids. « has 

a bv the inventors that the opioid attalo.de. 
discovered by the in 

wntlev and Hardy, frnr rhem. -8oc... PP 
etorphine <see Bentley ^ ^ 

D RG-spinal cord explants, even 
sensor, neurons in ^ ^ 

concentrations as low as 1^ ^ 
at lower concentrations (see Shen an 

< 1M3 » in addition, these potent 
in press (1993)). ^ ^ display ^expected 
inhibitory opioid receptor agonists also P 

i St effects at excitatory opioid receptors on 

3S ^ a2S ^ . of DRG neurons with etorphine or 

neurons . Acute pretreatment of DRG. neuron 

. ,,_«\ which do not 
v,4««> at low concentrations (<pM) *«"- cn 
dihydroetorphme, at low £ 

alt „ t h e »- - -~.*^rr^ 

2S „=rphine and other biaod.Hy-a"-, op 10l ds 
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inhibitory APP-shortening effects which normally reguire much 
higher concentrations. The potent inhibit effect of 
etorphine and dihydroetorphine may be cue to their selective 
activation of inhibitory opioid receptor-mediated functions 

. vhile simultaneously inactivating excitatory opioid 
receptor-mediated functions in sensory neurons. m contrast, 
himodally-acting opioids activate high-affinity excitatory as 
wel! as inhibitory opioid receptors on DRG neurons, thereby 
decreasing the net inhibitory effectiveness of these agonists, 

„ resembling the attenuation of the inhibitory potency of 
systemic morphine by the "anti-analgesic" (excitatory) effect 
of dynorphin A release in spinal cord in mice (see Pujimoto et 

al.. «.-™..h.rmacol. . Vol. 29. pp. 609-617. (1990)). 

Acute application of pK-nB etorphine or 
L5 dihydroetorphine to chronic pM morphine-treated ERG neurons 
elicited marked AFD shortening (as in naive cell.) even when 
added during naloxone-precipitated APD-prolongation in these . 
sensitised cells, whereas 10 M M morphine or DADLE were 
■ ineffective and in contrast elicited a marked APD prolongation. 
20 These potent inhibitory effects of etorphine and 
dihydroetorphine on the action potential of chronic 
morphine-treated sensory neurons show remarkable mimicry of the 
rapid ' DHE-induced blockade of naloxone-evoked withdrawal 
syndromes in opiate-addicted animals and humans (see Wang et 

25 .1.. J- Ph.r- .col. Toxicol., Vol- 6. SP- «-*0 (1992) 
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^ Qil , chlseseJ,. ™»™acol. Tcxi^- Vd. . (».»» - the 
absence of cross-tolerance to etorphine ■ in chrome 
n orphine-tr.ated mice even when the algesic ED50 for «»»> 
W increased 15-fold (see Lange et .1.. To^ol . *PP"°° 
p^arBacol,. Vol. =4. pp. H7-1M <»M». Furthermore, chronic 
treatment of DRG neurons with 10 « etorphine for >l week did 
not result in opioid excitatory supersensitivity, i.e.. »D 
prolongation following .cut. .pplicatlon of « dynorphin A 
(1-13) or nK naloxone, aor tolerance to opioid inhibitory 
effects, .11 of which occur .fter chronic treatment with 
bimodally-acting opioids, e.g.. DADLE or morphine (see Cra>n 
and Shen. Brainy. Vol. 575. PP. 13-24 (1992) and Shen and 
Grain. Brainjles^ Vol. 597. pp. 74-83 (1992)). 

a vitro studies on sensory neurons suggested that an 
opioid which can selectively activate inhibitory. and 
inactivate excitatory, opioid receptor functions would be a 
unique analgesic in vivo, with high potency, low dependence 
liability, and useful for treatment of opiate addicts. 
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f S r,inal cord with attached DRGs from 

— iC 6XPlantS Vt e - - wee,s of- nation in 
13 - da y-old fetal t ^ ^ coUagen . coated 

„„nmre The DRG-cord explants were * 

in Kaximow depression-slide chambers. The cuiture 
coversUps ui ' iniB>1 esseIrt ui medium. 

5 medium consisted o t «* Bag ^ ^ 

fB tal bovine serum. .«% *** J the medi)OT 

„,,.«» .gluoo... Durxng the first _ 

. „<«•>, nerve growth factor (N0F-7S) at 
was supplemented with nerve <jt 

Ilentlion of about 0, W/ ml. to enhance survival and 

10 growth o £ the fetal mouse DB3 „ ; £he 

in order to perform electrophysiologic p. 

^ a recording chamber 

... „.«, transferred to a recota*uy 
culture coverslip was trans , . ,. BO 

Itainin, about i ml of ^^^TjT-. 
- hath solution was suppiement* with ^ ^ 

15 Ba ~ «.... CS.WBSS J ^^iular recordings 
response for pharmacological tests. 
Je obtained from DW3 perikarya selected at random 
^lion. The micropipets were filled with 3 « -1 Chav., 
gang . . * WBre connected via a 

resistance of about 60-100 megohms) and were 

-,«r wire to a neutralized input capacity 
20 chloridized silver wire to 

„ lan « 2A> for current-clamp recording. After 
preamplifier (Axoclamp 2A) for deTJolarizi „g current 

Element of a DRG neuron/ brief (2 msec) depolarizing 
pu ises were applied via the recording electrode to evo.e ™ 
otentials at a freguency of 0.1 Hz. wordings of , e ~ 
25 potentials were stored on a floppy *~ using the P clamp 
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^ogran <-n Instruments, in . -aicrocoaputer <™ 

^^s ^ * - — . — * 

operated, push-pull syringe system « a rate of ,-3 -/-U. 
Pension of test agents was be^n after the act.cn potentia 

the resting potential of the. neuron reached. - 
condition d„ring x ainute Pretest period, in contro 
WBSS . Opicid-a»diat.d change in the » were censure. 
ignLanT « - ^alteration was control value 

for the s»e cell and was .aintained for the entire test per^d 
o£ s ninutes. The WD was measured as the ti- between the 
pea, of the APD and the inflection - point on the repolar^ng 

4 were used: etorphine, 

phase. The following drugs -were 

„ ™«^Hina (sifts from Dr. Eric Simon), 
diprenorphfcie and morphine <gir« . 

dihydroetorphine <gift frc« »r. B.-*. win. China,; naloxone 
(Sndo Labs,, ««. ^norphin and other opioid prides • 
opioid .maloids and peptides were generally prepared 
.. x a* solution, in H 2 0 and then carefully diluted with BBS 
to the desired concentrations. systematically discarding 
pipette tips after each successive !-» or i-xoo dilution step 
to ensure accuracy of extremely low (»*■> concentrations. 

Re .ults, The opioid responsiveness of DBG neurons was 
analyzed hy assuring the opioid-induced alterations in the »D 
of ORG periaarya. * total of U DRG neurons (fro. ,3 DRG- cord 
e*plant., were studied for sensitivity to progressive increases 
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ln the conception of etorphine <n-3.) or dihydroetorphine 
(n .38). Etorphine rapidly and dose-dependent-ty shortened the 
MD in progressive* larger fractions of DRO cells at 
concentrations fro* 1 at (30* of cells; n-26, to 1 v« .(«% * 
cells; n-16) (see Figures 1 and 2). 

Figure 1 .hows that acute application of low <p«-nM> 
concentrations of etorphine to naive DKG neurons elicits 
dose-dependent, naloxone-reversibl. inhibitory shortening of 
tne action potential duration (APD) . In contrast, dynorphin 
(a nd aw other bimodally-actin, opioid agonists, e.g.. 
norphine. DADLE) elicit excitatory APD prolongation at these 
xov concentrations (see Figure 2). which can 
blocked by < » levels of ■ etorphine or diprenorphine (see 
Figure 3). Figure 1A record i shows the action potential (»> 
gyrated by a DRG neuron in balanced salt solution containing 

s , ca« and 5^^ ™*> • » »■»— »* I ~ r4 
(1 nd in .11 record, below) is evoked by a brief < 2 msec) 
intracellular depolarising current pul.e. Figure IX records 
2 . s sh o. that APD i. not altered by bath perfuaion with 1 fM 
"etorphine (Et) but is progressively shortened in 1 p«. i « and 
,„ concentration. <5 ndnute tsst period.). Figure » 
record 6 shows that APD returns to control value after transfer 
to BBS (9 minute test). Figure IB records 1 and 2 .bow that 
APD of another DR0 neuron is shortened by application of 1 n» 
etorphine (2 minute test). Figure iB record 3 shows that APD 
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re turns to control value after, transfer to 10 nM naloxone 
d*,. Figure IB records 4 and 5 show that-AB^is no .longer 
shortened by l nM or even l j« etorphine when co-perfused 
with 10 nM naloxone (5 minute test periods). Figure 1C records 
1 and 2 show that APD of another DRG neuron is prolonged by 
application of 3 nM morphine. Figure 1C record 3 shows that 
APD returns , to -control value by 5 minutes after washout. 
Figure 1C record. 4 shows that application of 1 pM etorphine 
does not alter the APD. Figure 1C record 5 shows that APD is 
no longer prolonged by 3 nM morphine when co-perfused with 1 P M 
etorphine and instead is markedly shortened to a degree which 
would require a much higher morphine concentration in the 
absence of etorphine. Similar results were obtained by 
pretreatment with 1 pM diprenorphine (see Figure 3). Records 
in this and subsequent Figures are from DRG neurons in 
organotypic DRG-spinal cord explants maintained for 3-4 weeks 
in culture. 

Figure 2 shows dose-response curves demonstrating that 
etorphine (Et) (□) and dihydroetorphine (DHE) «>> elicit 
only inhibitory dose-dependent shortening of the APD of DRG 
neurons at all concentrations tested < f M-yM) . In contrast, 
dynorphin A (1-13) (Dyn) (X) (as well as morphine and other 
bimodally-acting opioids) elicits dose-dependent excitatory APD 
prolongation at low concentrations (fM-nM) and generally 
requires much higher concentrations (about 0.1-1 uM) to 
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shorten the APD, thereby resulting in a bell-shaped 
dose-response curve. Data were obtained from ±1 neurons for 
the etorphine tests, 13 for the DHE tests and 35 for the 
dynorphin tests; 5, 8 -and 9 neurons were tested (as in 
Figure 1) with all four concentrations of etorphine, DHE and 
dynorphin, respectively (from fM to uK) . For sequential 
dose-response data on the same neuron, the lowest 
concentrations (e.g., l fM) were applied first. 

Dihydroetorphine was even more effective <n=38; Figure 
2) . Naloxone (10 nH) prevented the etorphine- and 
dihydroetorphine-induced APD .shortening which was previously 
elicited in the same cells (n-12; Figure IB). These potent 
inhibitory effects of etorphine and dihydroetorphine on DRG 
neurons at low concentrations are in sharp contrast to the 
excitatory APD-pro longing effects observed in similar tests 
with morphine and a wide variety ' of mu. delta and kappa 
opioids. None of the DRG neurons tested with different 
concentrations of etorphine or dihydroetorphine showed 
prominent APD prolongation. 

The absence of excitatory APD-pro longing effects of 
etorphine and dihydroetorphine on DRG neurons could be due to 
low binding affinity of these opioid agonists to excitatory 
opioid receptors. Alternatively, these opioids might bind 
strongly to excitatory receptors, but fail to activate them, 
25 thereby functioning as antagonists. In order to distinguish 
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„ tnese two modes ot action. ORG neurons were pretreated 

"11 low concentrations < £ »-P»> that-led »«» 
wl th etorphme at low ^ ^ ^ ^ 

or no alteration o£ the APD .oh 

eventrations - — — « ^ I 

etorphine-treated cells no lonoer -led the usual « 

These reaulte demonstrate that etorphine. which has 
hM „ considered to be a "universal- agonist ■« «. delta and 
lappa opioid receptor. (see -t » ^ 

^r^Tpo^nt^^Lt actions at delta and h.PP« 

Ti rv opioid receptors « — - — ^ ~ 
ZLJL agonist e«ects at inhibitor, opioid receptor 
Pretre.tment -ith dihydroetorphine <»-**> showed similar 
antagonist action at -citatory opioid receptor — 
opioid-induced «. prolongation <n=*> • ■ «*« 

selective bioca.de of opioid excitatory APP-prolonamg e«ects 
Vp-reatin, ' - neurons *th low concentrations o, etorpMne 
(IM . pM) . which showed littie or no alteration o t th« , * . 
lB veis - bimodally-actin, opioids now showed potent 
^nortenin, ejects <. out o £ , ceUs, <see „ « - 
; rioure 3,. This is presumably due to unmask o£ u^b.tory 
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opioid receptor-mediated functions in these celis after 
seiective biocfcade o« their excitatory opioid receptor 
functions by etorphine. 



Example 2 



phine; 



Low 



nonn^ratior shows Potent Selective 



Drug tests ; Mouse DRG-cord explants. grown for >3 
weeks as described in Example 1, were tested with the opioid 
antagonist, diprenorphine. Electrophysiological recordings 

were made as in Example 1. 

Results : The "universal" opioid receptor antagonist, 
diprenorphine was previously shown to block, at nM 
concentrations, both inhibitory APD shortening of DRG neurons 
by uM opioid agonists as well as excitatory APD prolongation 
by nM opioids. Tests at lower concentrations have revealed 
that P M diprenorphine acts selectively as an antagonist at mu, 
delta and kappa excitatory opioid receptors, comparable to the 
antagonist effects of pM etorphine and dihydroetorphine . In 
the presence of pM diprenorphine, morphine (n=7> and DAGO (n=7) 
no " longer" elicited APD prolongation at low (pM-nM) 
concentrations <see Figure 3A) . Instead, they showed 
progressive dose-dependent APD shortening throughout the entire 
range of concentrations from fit to pit (see Figure 3B) , 
comparable to the dose-response curves for etorphine and 
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di hydroetorphine (see Figure 2 and Figure ic) . This unmasking 
of inhibitory opioid receptor-mediated APD-shoxtening effects 
by pM diprenorphine occurred even in the presence of 10 -fold 
higher concentrations of morphine (see Figure 3A, records 11 
vs. 5). 

Figure 3 shows that excitatory APD-prolonging effects 
elicited by morphine in DRG neurons are selectively blocked by 
co-administration of a low (pM) concentration of diprenorphine. 
thereby unmasking potent dose-dependent inhibitory APD 
shortening by low concentrations of morphine. Figure 3A 
records 1-4 show' that APD of a DRG neuron is progressively 
prolonged by sequential bath perfusions with 3 fx. 3 P M and 
3 n* morphine (Hor). Figure 3A record 5 shows that APD of this 
cell is only slightly shortened after increasing morphine 
concentration to 3 u«. Figure 3A records 6 and 7 show that 
after transfer to BSS, the APD is slightly shortened during 
pretreatment for 17 minutes with 1 pM diprenorphine (DPN) . 
Figure 3A records 8-11 show that after the APD reached a stable 
value in DPN, sequential applications of 3 fM, 3 pM, 3 nM and 
3 ^ hoc progressively shorten the APD, in contrast to the 
marked APD prolongation " evoked by these same concentrations of 
Mor in the absence of DPN (see also Figure IC) . Figure • 3B 
dose-response curves demonstrate similar unmasking by l P M DPN 
of potent dose-dependent inhibitory APD shortening by morphine 
(X) in a group of DRG neurons (n=7>. all of which showed only 



-25- 



WO 95/03804 



FCT/US94/08288 



10 



15 



20 



excitatory »D prolongation responses when tested prior to 
introduction of DP* (X). M that the inhibitory potency o£ 
morphine in the presence o£ p» DPN becomes comparable to that 
of Morphine and diprenorphine (see Figure 2) . 

Example 3 

■~ T*f~+ nf Ktnrphin. ^ Blhyrtroetotphine On 

~ ^Md-Tr - ' """" ^ 

.. T .,. OT ^tive -" Excitatory Effect s 

BES3 _ E es £ s: Mouse DRG-cord explants, grown for >3 
weeks as described in Example 1. were chronically exposed to 
the bimodally-acting (excitatory/inhibitory) delta/mu opioid 
agonist. Wl U »») « morphine (1 uM> for 1 wee. or 
longer and tested acutely with etorphine or dihydroetorphine. 
Electrophysiological recordings were mad. as in Example 1. 

Results: Acute application of f» etorphine to chronic 
„„ DADLE- or morphine-treated DRQ neurons (for >' 1 week) was 
still effective in shortening the M?D in 30% of the treated 
neurons (n-23> when tested in the presence of h> »M« « 
morphine (see Figure 4). Furthermore. PK levels of etorphxne 
shortened the APD In 76% of the cells tested (n-21) . 

Figure 4 shows that after chronic exposure to morphine 
(Mor). or other bimodally-actin, opioids. DRO neurons become 
supersensitive to the excitatory APK-prolonging effects of 
these opioids, whereas etorphine (Et> becomes even more 
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e „ective in .-eliciting inhibitory shortening of the »» = the 
aame neurons when tested acutely in the prese.ee of 
chronic opioid. Bose-response curve, .how that after 
treatment o f DKG neuron, with 3 v« Mor tor 2-3 wee*s in 
culture. . the magnitude of APD shortening elicited by acute 
application of Et (O ) i. -rkedly enhanced at .11 test 
concentrations (f^vK); see typical records in Inset), 
thereby shifting the dose-response curve sharply to the left, 
as compared to .data obtained fro* naive DKG neurons <□) . 1» 
contrast, after washout of the chronic morphine with 
retests of sequentially increasing concentrations of Et from « 
to *. result in less prominent APD shortening (X). comparabi. 
„. or even weaker th». Et effects on naive cells (□) . 
Tbese results suggest that the apparent enhancement » 
inhibitory potency of Et on chronic Mor-tr.ated neurons is 
actually due to unmasfcin, of inhibitory APD-shortening effects 
o£ chronic Mor following Et-ant.,onist action at excitatory 
opioid receptors, as occurs in tests on naive M cells (see 
Figure 1C). as shown in the inset. Figure 4 record 1 shows AP 
generated by a DRO neuron treated .for . 3 _wee*s in culture with 
3 + Mor and then tested in BBS in the presence of the 
chronic «or. Figure 4 record 2 shows that 1 f« Et does not 
alter the APD in the presence of 3 »M Mor. Figure 4 records 
3-5 show that sequential increases in the concentration of Et 
from 1 PH to lv« progressively shortens the APD in the 
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presence -of 3 uM Mor (whereas dynorphin dose-dependent ly 
prolonged the APD of the same chronic opioid-treated cell - 

not shown; see Figure 2). 

• in contrast, morphine, DADLE and other chronic 
bimodally-acting opioid-treated DRG neurons showed 
supersensitive excitatory APD-prolonging effects when tested 
with low (fM-pM) concentrations of dynorphin (1-13) before 
<n«13) or after (n-6) washout of the chronic DADLE or 
morphine. The effectiveness of etorphine in eliciting 
inhibitory APD-shortening in chronic opioid-treated DRG neurons 
appeared to be significantly enhanced relative to naive cells. 
Whereas nM etorphine moderately shortened the APD of naive DRG 
neurons (mean decrease to about 86+6%; n-18; see Figures 1A 
and 2), this low concentration was much more effective on 
.5 chronic morphine-treated DRG neurons (mean decrease to 66% + 7% 
(n»9>), when tested in the presence of morphine (Figure 4). 
Dose-response tests of etorphine on chronic DADLE— or 
morphine-treated DRG neurons showed that the magnitude of the 
APD was progressively shortened when the acute etorphine 
20 concentration was tested sequentially from 1 fM to 1 uM in 
the presence of jiM DADLE or morphine (Figure 4). On the 
other hand, after washout of . the chronic morphine, ac\ite 
application of etorphine to chronic uM opioid-treated DRG 
neurons no longer showed greater inhibitory effectiveness as 
25 compared to tests on naive cells (n=10> (Figure 4). These 
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• results suggest that the apparent enhancement in inhibitory 
effectiveness of oetorphine (and dihydroetorphine) , when tested 
during chronic exposure to bimodally-acting opioid-treated DRG 
neurons, is due to their dual synergistic action as agonists at 
5 inhibitory opioid receptors and antagonists at excitatory 
opioid receptors. The latter property results in unmasking of 
the inhibitory actions of the chronic DADLE or morphine, as 
occurs in similar tests on naive neurons (see Figure 1C and 
Figure 3). Acute application of dihydroetorphine. to chronic 
10 uM morphine-treated DRG neurons indicated that' this opioid 
showed even greater inhibitory potency than etorphine. fM 
concentrations shortened the APD in 80% of the treated cells 
(n=lo) and pM (or higher) levels were effective on all cells 
tested in the presence of the chronic opioid (n=10) . 
15 Thus, etorphine and dihydroetorphine show similarly 

remarkable effectiveness as diprenorphine in antagonizing 
excitatory opioid receptors even when tested in the presence of 
10 6 -10 9 higher concentrations of morphine or DADLE. As a 
result of these unusual properties, etorphine and 
20 dihydroetorphine showed no cross-tolerance in tests on chronic 
DADLE- or morphine-treated DRG neurons, just as chronic 
morphine-treated mice showed no cross-tolerance to etorphine 
even when the analgesic ED for morphine had increased 15-fold 
(see Lange et al., Toxicol. Applied Pharmacol., Vol. 54, pp. 
25 177-186 (1980)). The absence of cross-tolerance to etorphine 
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in chronic morphine-treated DRG neurons is in sharp contrast to 
the attenuated inhibitory effects (i.e., -tolerance) and the 
enhanced excitatory effects (i.e., "dependence") displayed by 
all bimodally-acting ma. delta and kappa opioid agonists when 
tested acutely on these chronic opioid-treated cells. 
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Example 4 

t- nr phiM Or n^vdroetorph* ™ can Bloc* NaT nxone-Precipitated 
c, TB « one itiv e Excita ^™ Effects in Chronic Opio id-Treated DRG 
Neurons 

10 Drug tests : Mouse DRG-cord explants, grown for >3 

weeks as described in Example l, were chronically exposed - to 
the bimodally-acting (excitatory/ inhibitory) delta/mu opioid 
agonist, DADLE (1 >M or morphine (1 iff) for 1 week or 
longer. The excitatory opioid supersensitivity of chronic 
15 opioid-treated DRG neurons was precipitated by naloxone 
(lnM). Electrophysiological recordings were made as in 
Example 1 . 

Results : The opioid antagonist, naloxone 

(1 nM-1 *ff) does not alter the APD of naive DRG neurons. In 
20 contrast, after chronic opioid treatment (as well as after 
acute GUI ganglioside treatment) excitatory opioid receptor 
functions become so supersensitive that acute application of 
law concentrations of naloxone prolonged the APD of the treated 
sensory neurons, presumably due to weak partial agonist 

25 
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properties of naloxone at excitatory opioid receptor, (see 
Lin ana S hen. l^in^. Vol. 57S, PP- •«« - 

crain and Shen. - v Ther.. Vol- MO. pp. 132-186 

<1 9 «». ■•aloxone <l*> eliol " d excitatory *PD-prolon,ing 
effects in 92% of the chronic u« DflDLE- or morphine-treated - 
DRG neurons tested in the present study (n-12) (see Figure 5). 

Th.ee results provide a novel cellular model to 
account for naloxone-precipitated withdrawal supersensitivity 
in opiate addicts is vivo, « *> emphasized that 

naloxone was net simply blocking the inhibitory effect of 
residual DADLE or morphine since the treated ORG neurons were 
already tolerant to these HD-shortening effects. It is 
therefore o£ great interest that acute application of 
remarkably low concentrations of etorphine tfM-nH> to chronic 
v, morphine or DM)tE -tre.ted cells could effectively bio* 
naloxone-induced Jl» prolongation in all of the treated DRG 
neurons (n-1.) (see Figure 5>. thereby mimieWng the potent 
effect, of the related etorphine analog dihydroetorphine in 
suppressing naloxone-evofced withdrawal symptoms in opiate 

«*. »i Chinese J. Pharmaco l . Toxicol . , 
addicts (see Wang et al., Chinese — s. 

Vol. 6, pp. 36-40 (1992)). 

Figure 5 shows that after chronic exposure to morphine 
(Nor) or other bimodally-acting opioids, acute application of 
low concentrations of etorphine (Et) can dose-dependently block 
the excitatory APD- P ro longing effects of naloxone (NLX) on 
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these supersensitive DRG neurons. Histogram shows that acute 
application of 1 nM NLX to DRG neurons chronically treated with 
3 uM Mor for 1-4 weeks prolonged the APD by about 50%, tested 
in the presence of 3 uM Mor. See also Inset: records l and 
2. In contrast, NLX (nM-uM) does not alter the APD of naive 
DRG neurons. Sequential co-perfusions with 1 fM to l uM Et 
elicit dose-dependent attenuation of the NLX-induced APD 
prolongation in these treated neurons, resulting in shortening 
of the APD to about 70% of the control value in 1 uM Et. In 
contrast, NLX-pretreatment of naive DRG neurons blocks 
Et- induced APS shortening (see Figure IB). Inset records l and 
2 show that 1 nM NLX prolongs the APD of a DRG neuron after 
chronic 3 uM Mor treatment for 2 weeks and tested in the 
presence of 3 uM Mor (5 minute test). Inset record 3 shows 
that acute addition of 1 fM Et attenuates the NLX-induced APD 
prolongation (5 minute test). Inset record 4 shows that 
increasing the concentration of Et to l pM almost completely 
blocks the NLX-induced APD prolongation. Inset records 5 and 6 
show that sequential application of 1 nM and 1 uM Et in the 
presence of Mor and NLX results in progressive shortening of 
the APD well below the initial magnitude in chronic Mor (as 

shown in Figure 4) . 

These results suggest that the potent dose-dependent 
effects of etorphine and dihydroetorphine in blocking 
25 naloxone-evoked APD prolongation in chronic opioid-treated DRG 
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neurons in vitro and withdrawal syndromes in opiate addicts in 
v i VO i s due to the strong antagonist actions of these opioids 
at supersensitive excitatory opioid receptors which have become 
responsive to the weak agonist properties of naloxone. This is 
5 in sharp contrast to the blockade of etorphine-induced APD 
shortening in naive DRG neurons by naloxone under conditions 
where it acts primarily as an antagonist at inhibitory opioid 
receptors (see Figure 5 and Figure IB), 

Example 5 

10 In The Presence Of Etorphine, Chronic Morphine Treatmen t Of DRG 
Neurons No Longer Results In Development Of Opioid Excitatory 
Supersensitivity And Tolerance 

Drug tests : Mouse DRG-cord explants, grown for >3 
weeks as described in Example 1, were chronically exposed to 
15 bimodally-acting opioid agonist,, morphine (1 pK) and opioid 
excitatory receptor antagonist, etorphine (1 pM) for >1 week 
and tested for opioid excitatory supersensitivity of DRG 
neurons at low concentrations of naloxone or dynorphin A (1-13) 
and tolerance to the opioid inhibitory effects of APD with high 

20 concentrations of morphine . Electrophysiological recordings 
were made as in Example 1. 

Results : Co-administration of low (pM) concentrations 
of etorphine during chronic treatment of DRG neurons with pM 
levels of morphine was remarkably effective in preventing 

25 
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development of the opioid excitatory supersensitivity and 
tolerance that generally occurs after sustained exposure to 
bimodally-acting opioids. Acute application of 1 « dynorphin 
(1 -13) (n=10) or 10 nM naloxone <n=8> to DRG neurons 
chronically exposed to 3 uM morphine together with 1 P M 
etorphine (for >1 week) did not evoke the usual excitatory APD 
prolongation observed in chronic morphine-treated cells, even 
when tested up to 6 hours after return to. BIS. Furthermore, 
there was little or no evidence of tolerance to the inhibitory 
effects of uK morphine: 6 out of 10 cells still showed APD 
shortening following acute application of * morphine simxlar 
to tests- on naive DRG cells. If etorphine was acting simply as 
an agonist at inhibitory opioid receptors, one might predict 
that the addition, of l P* etorphine together with a 10 -fold 
higher concentration of morphine would have a negligible effect 
on chronic morphine-treated DRG neurons or would augment 
development of cellular signs of dependence. On the other 
hand, the results are readily accounted for by the potent 
antagonist action of etorphine at excitatory opioid receptors 
during chronic morphine treatment, thereby preventing 
development of opioid excitatory supersensitivity and 
tolerance, just as occurs during chronic opioid treatment" of 
DRG neurons in the presence of cholera toxin-B subunit (see 
Shen and Grain, Brain Res. , Vol. 597, pp. 74-83 (1992)). This 
toxic subunit selectively interferes with GMl ganglioside 
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regulation of excitatory opioid receptor actions (see shen 
Jcrain. Br^K^- -1. =31. PP. 1-7 •<«..> - — « 
' al.. IrslnRes^. Vol. !59, pp. 130-X38 (1991». 
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Example 6 

lj!Lml in. * M ™" " r Wot ° evel ° p 

>-»»rv super,;— ~ "■• Tolerance 

aHS _ 6sj£ ,: Mouse DRG-cord explants. grown -for >3 
weexs aa described in Example 1. were chronically exposed to 
etorphine («) for >1 wee* and tested for opioid excitatory 
supersensitivity or DRG neurons to lov concentrations of 
naloxone or dynorphin A U-13) and tolerance to the inhibitory 
effects o£ higher concentrations of etorphine. 

M5 „lts ; Chronic treatment of DRG neurons with 
etorphine alone even at a relatively high concentration do «> 
£or >x wee* in culture also did not result in opioid excitatory 
supersensitivity when tested acutely with 1 f« dynorphin (1-13) 
(26 out of 2» cells) or 1-10 n» naloxone (13 out of 14 cells), 
either before or after withdrawal of the chronic etorphine 

(Figure 6). _ „„ 

pigur e 6 shows that after chronic exposure to n« 

etorphine (Et,. DRG neurons do not become supersensitive to the 

excitatory effects of dynorphin 1-13 (Dyn) and naloxone («LX) . 

nor do they develop tolerance to the inhibitory effects of 

etorphine or other opioid agonists. Record i shows the actxon 
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potential <AP) generated by a DRG neuron after chronic 10 nM Et 
treatment for 20 days and tested in balanced salt solution 
( BSS) shortly after washout of the Et. Record 2 shows that APD 
is not altered by 1 £H Dyn. Records 3-6 show that APD is not 
5 altered by bath perfusion with 1 f M Et but is progressively 
shortened by 1 P M and 1 |dl concentrations (5 minute test 
periods). Records 7 and 8 show that APD of the same neuron is 
not altered by application of 10 nM NLX. Record 9 shows that 
APD is no longer shortened by 1 uM Et when co-perfused with 
10 10 nM naloxone (5 minute test period). 

After etorphine withdrawal for about l hour, l nM 
dynorphin (1-13) shortened the APD in 3 cells or did not show 
typical APD prolongation (10 out of . 11 cells), resembling the 
attenuation of opioid excitatory effects and unmasking of 
15 opioid inhibition observed in acute tests on naive cells after 
washout of low ( P M) concentrations of etorphine (see 
Figure 1C) . Furthermore, after washout of the chronic 10 nM 
etorphine, acute application of P M, nM and uM etorphine 
elicited similar APD shortening (in 3 our of 4 cells tested at 
20 each concentration) as observed in naive cells. Thus chronic 
10 nM etorphine treatment of DRG neurons did not result in the 
characteristic cellular signs of. physical dependence and 
tolerance that occurred after chronic exposure of these cells 
to morphine and other bimodally-acting opioids. 
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^-.m Qf F r~"*« m Vivn Usages Of natatory Opioid 
P ^o ^nr Ant:a^ni^ s That m„v Enhance Analgesic Potency And 
^„.p Pme nd e^o lability (And Other Side-Effects) Of 

Mnr f MnP or n-w conventional Opioid^ Analgesics 

Administered In Co mbination 

Electrophysiological studies on DRG neurons indicated 
that pre-treatment with low fM-pH concentrations of etorphine, 
dihydroetorphine and diprenorphine are remarkably effective in 
blocking excitatory APD-prolonging effects of morphine 
bimodally-acting opioid agonists by selective antagonist 
actions at mu, delta and kappa excitatory opioid receptors. 
The potency of these three excitatory opioid receptor 
antagonists is clearly shown by their ability to unmask 
inhibitory opioid receptor-mediated APD-shortening effects, 
even in the presence of . 10 6 -fold higher concentrations of 
morphine or other bimodally-acting opioid agonists (Figures 
3-5) . 

In the presence of these selective excitatory opioid 
receptor antagonists, morphine and other clinically used 
opioids showed markedly increased potency in evoking the 
inhibitory effects on the action potential of sensory neurons 
which are generally considered to under ly opioid analgesic 
action in vivo . These bimodally-acting opioid agonists became 
effective in shortening, instead of prolonging, the APD at 
pM-nM (i.e., lO-^-lO -9 M) concentrations, whereas 
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0.1-1 HB (i.e., 10- 7 -10" 6 M) levels were generally 
required to shorten the APD (Figure 2). Selective blockade of 
the excitatory side-effects of these bimodally-acting opioid 
agonists eliminates the attenuation of their inhibitory 
5 effectiveness that would otherwise occur. Hence, according to 
this invention, the »nmbined use of a relatively low dose of 
one of these selective excitatory opioid receptor antagonists, 
together with morphine or other bimodally-acting mu, delta or 
kappa opioid agonists, will markedly enhance the analgesic 
10 potency of said opioid agonist, and render said opioid agonist 
comparable in potency to etorphine or dihydroetorphine, which, 
when used alone at higher doses, are >1000 times more potent 
than morphine in eliciting analgesia. 

Co-administration of one of these excitatory opioid 

—12 

15 receptor antagonists at low concentration (about 10 M) 
during chronic treatment of sensory neurons with ' 10~ M 
morphine or other bimodally-acting opioids <>l week in culture) 
prevented development of the opioid excitatory 
supersensitivity, including naloxone-precipitated 

20 APD-prolongation, as well as the tolerance to opioid inhibitory 
effects that generally occurs after chronic opioid exposure. 
This experimental paradigm was previously utilized by the 
inventors on sensory neurons in culture to demonstrate that 
co-administration of 10 -7 M cholera toxin-B subunit. which 

25 binds selectively to GMl ganglioside and thereby blocks 
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excitatory GMl-regulated opioid receptor-mediated effects, but 
not opioid inhibitory effects (see Shen and Grain, Brain Res. , 

Vol. 53U BP- *- 7 < 1990)) dUrin9 chr ° niC ° pi ° id treatment 
prevents' development of these plastic changes in neuronal 
sensitivity that are considered to be cellular manifestations 
related to opioid dependence/addiction and tolerance in vivo 
(see Shen and Grain, Brain Res., Vol. 597, pp. 74-83 (1992)). 
Hence, according to this invention, the sustained use of a 
relatively low clinical dose of one of these selective 
excitatory opioid receptor antagonists, e.g., <l microgram of 
etorphine, dihydroetorphine or diprenorphine, in combination 
vith 10-100 micrograms of morphine or other conventional 
bimodally-acting opioid analgesics will result in analgesia 
comparable to that elicited .by said analgesics when 
administered alone in milligram doses and will attenuate or 
even prevent development of physical dependence and other 
undesirable excitatory side-effects generally associated with 
said analgesics. 




low concentration (about 10" 12 M) to chronic opio id-treated 
sensory neurons prevented the excitatory APD-pro longing effects 
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precipitated by naloxone do'? » (Fi^re 5). The latter 
effects provide a novel cellular model to account for 
naloxone-evoked withdrawal supersensitivity in opiate addicts 
in vivo. The potent effects of etorphine and dihydroetorphine 
5 in blocking naloxone-evoked APD prolongation in chronic 
opioid-treated sensory neurons in vitro (Figure 5) is due to 
their blockade of supersensitive excitatory opioid receptors 
which have become responsive to the weak agonist properties of 
naloxone. A similar mechanism may account for the efficacy of 
10 dihydroetorphine in suppressing naloxone-evoked withdrawal 
syndromes in opiate-addicted animals and humans (see Lange, 
Tmr* — 1 «-r-ool. . Vol. 54, pp. 177-186 (1992) and 

Qin , ~ Pharmanol. Toxico l., Vol. 6, (1992)). Hence, 

according to this invention, appropriately low doses of one of 
15 these selective excitatory opioid receptor antagonists, e.g., 
about 1 microgram ^ination with a 10-1000 fold lower than 
standard dose of one of the opioids currently used for the 
treatment of opioid dependence, e.g., methadone, buprenorphine , 
will provide an improved method for detoxifying and weaning 
20 addicts from dependence on opiates. 

Although the invention herein has been described with 
reference to particular embodiments, it is to be understood 
that these embodiments are merely illustrative of various 
aspects of the invention. Thus, it is to be understood that 
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numerous modifications may be made in the illustrative 
embodiments and other arrangements may -be devised without 
departing from the spirit and scope of the invention. 
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WE CLAIM : 

1. A method of selectively enhancing the analgesic 
potency of a bimodally-acting opioid agonist which activates 
both inhibitory and excitatory receptors on neurons in the 
nociceptive pathway and simultaneously attenuating undesirable 
excitatory side-effects caused by said bimodally-acting opioid 
agonist comprising the co-administration of said 
bimodally-acting opioid agonist ^ with an opioid receptor 
antagonist capable . of inactivating excitatory but not 
inhibitory receptors on said neurons. 

2. The method of Claim 1 wherein the opioid receptor 
antagonist is selected from the group consisting of etorphine, 
dihydroetorphine, diprenorphine, opioid alkaloids and opioid 
peptides . 

3. The method of Claim 1 wherein the 
bimodally-acting opioid, agonist is a conventional opioid 
analgesic, and is selected from the group consisting of opioid 
alkaloids, including morphine, codeine and fentanyl analogs, 
and opioid peptides, including enkephalins, dynorphins and 
endorphins. 

4. The method of Claim 1 wherein the opioid receptor 
is a mu, delta, kappa or epsilon subtype receptor. 

5. The method of Claim 1 wherein the undesirable 
excitatory side-effect is selected from the group consisting of 
anti-analgesic effects, physical dependence, tolerance, 
hyperexcitahility and hyperalgesia. 
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6. The method of Claim l wherein the dose of 
bimodaliy-acting opioid agonist to be administered is 10-1000 
times less than the amount of that bimodally-acting opioid 
agonist which is typically administered clinically for 
analgesia. 

7. The method of Claim l wherein the dose of opioid 
receptor antagonist to be administered is 10-1000 times less 
than the dose of bimodally-acting opioid agonist administered. 

8. The method of Claim l wherein the mode of 
administration is selected from the group consisting of 
sublingual, intramuscular, subcutaneous and intraveneous . 

9. A method of detoxifying and treating an opiate 
addict comprising the co-administration of a bimodally-acting ' 
opioid agonist which activates both inhibitory and excitatory 
receptors on neurons in the nociceptive pathway with an opioid 
receptor antagonist capable of inactivating excitatory but not 
inhibitory receptors on said neurons. 

10. The method of Claim 9 wherein the opioid receptor 
antagonist is selected from the group consisting of etorphine, 
dihydroetorphine, diprenorphine, opioid alkaloids and opioid 
peptides. 

11. The method of Claim > 9 wherein the 
bimodally-acting opioid agonist is selected from the group 
consisting of methadone, buprenorphine and other opioids used 
for treating opiate addicts. 
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12. The method of Claim 9 wherein the opioid receptor 
is a mu, delta, kappa or epsilon subtype receptor, 

13. The method of Claim 9 wherein the dose of 
bimodally-acting opioid agonist to be administered is 10-1000 
times less than the amount of that bimodally-acting opioid 
agonist which is typically administered clinically for 
analgesia. 

14. The method of Claim 9 . wherein the dose of opioid 
receptor antagonist to be administered is 10-1000 times less 
than the dose of bimodally-acting opioid agonist administered. 

15. The method of Claim 9 wherein the mode of 
administration is selected from the group consisting of 
sublingual, intramuscular, subcutaneous and intravenous. 

16 . A composition comprising a bimodally-acting 
opioid agonist and ah excitatory opioid receptor antagonist. 

17. The composition of Claim 16 wherein the 
excitatory opioid receptor antagonist is selected from the 
group consisting of etorphine, dihydroetorphine, diprenorphine , 
opioid alkaloids and opioid peptides. 

18. The composition of Claim 16 wherein the 
bimodally-acting opioid agonist is selected from the group 
consisting of opioid alkaloids, including morphine, codeine, 
f entanyl analogs, methadone and buprenorphine , and opioid 
peptides, including enkephalins, dynorphins and endorphins. 
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